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EMCal Performance Specs
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• energy resolution: 
• <15%/√E, driven by γ and e± measurement 

• segmentation to allow γ and e± reconstruction in central 
AuAu collision 

• acceptance over 2π and ±1.1 in η 
• together with HCal provide good jet reconstruction in 

central AuAu collisions 
• high density to minimize radial space inside solenoid (allow 

room for inner HCal & tracking) 
• >90x π rejection @ 70% electron eff. (=50% Υ eff.)
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W-Fiber EMCal
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• tungsten powder-epoxy embedded into 
matrix of scintillating fibers 

• fibers  
• diameter: 0.47mm 
• spacing: ~1mm 

• density ~10g/cm3→X0 = 7mm, RM = 
2.3cm 

• can point the fibers back to collision 
point in 1 (or 2) dimensions to generate 
1D (2D) projectivity 

• tower size: ~1"x1", 0.025x0.025 in 
ΔηxΔφ
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light collection & electronics
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• light collection via acrylic light guides 
• SiPM readout 

• 4 tiled per tower 
• ~25k towers → ~100k SiPMs 
• Hamamatsu S12572-33-015P; 15μm pixels 

• 3x3mm2, 40k pixels, ~104 dynamic range (5MeV - 50 GeV) 
• read out from the inner radius of the calorimeter 
• preamps with temperature compensation to provide gain 

stabilization of SiPM gain variation with T 
• digitizer design based on those already used in PHENIX 

• 14 bit ADC, 56 MHz digitization

Simulations Electromagnetic Calorimeter

Figure 5.15: Preliminary design for EMCal light guides.

Figure 5.16: Four-SiPM pcb and SPACAL acrylic lightguide (left), lightguides on SPACAL
block (right). In the current design, the sipms will be mounted on a larger pcb with preamps
and electronics. The sipms will be positioned to accomodate the mounting hole in the light
guide.

Čerenkov cut. Likewise a small amount of electrons and other beam background are
suggested by the data.

• The simulated hadronic shower response is consistent with data within a factor of 2
across all energy bins.

Even though good agreement has already been achieved with default tuning of the simula-
tion, further improvements can be made:

144
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EMCal geometry

5

Electromagnetic Calorimeter Detector Design

Figure 4.3: Test beam results for the semi-projective prototype calorimeter. Left: Energy
resolution for three different effective rapidities (h = 0.0, 0.3 and 0.9). Right: Calorimeter
response as a function of electron beam energy.

4.2.2 Module and Sector Design

The EMCAL will consist of 64 azimuthal sectors (divided longitudinally into 2 ⇥ 32) that
are supported by the inner HCAL. Each sector will subtend 11.2 deg in f and cover 1.1
units in h. They will be supported by rails that will be used for installing each sector one at
a time and will allow removal of any sector for service or repair. Each sector will contain
384 towers that will be constructed from blocks of 2 ⇥ 2 towers that will be joined together
to form modules consisting of 4 blocks containing 2 ⇥ 8 = 16 towers. Twenty four of these
modules will be used to form a sector. Table ?? gives the key parameters for the EMCAL.

Parameter Units Value
Inner radius (envelope) mm 900
Outer radius (envelope) mm 1161
Length (envelope) mm 2 ⇥ 1495 = 2990
Number of towers in azimuth (Df) 256
Number of towers in pseudorapidity (Dh) 2 ⇥ 48 = 96
Number of electronic channels (towers) 256 ⇥ 96 = 24576
Number of SiPMs per tower 4
Number of towers per module 2 ⇥ 8 = 16
Number of modules per sector 24
Number of towers per sector 384
Number of sectors 2 ⇥ 32 = 64
Sector weight (estimated) kg 326
Total weight (estimated) kg 20890
Average sampling fraction 2.3%

Table 4.1: Key parameters of the EMCAL

The current design assumes that all of the EMCAL towers are projective in both h and
f such that they point back to the collision vertex. However, since the collisions are
distributed longitudinally with a s ⇠ ±10 cm, the towers do not have to be perfectly
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Electromagnetic Calorimeter Detector Design

Figure 5.4: Left: EMCal sector showing installation on the Inner HCal. Right: Mechanical
detail of an EMCal sector

stage of the project provides sufficient flexibility and possible options for the future.

The SPACAL blocks that were developed at UCLA are 2-tower blocks that are tapered in
one dimension (1D projective), as shown in the Figure 5.6. The procedure used at UCLA
to construct these blocks consists of the following steps:

1. Place 5 mesh screens together to form a flat stack

2. Drop fiber segments halfway through the screens to form a fiber/screen assembly

3. Separate the screens

4. Place the assembly into a mold, incrementally tilting the screens to produce the taper
in one direction

5. Pour W powder into the mold and vibrate to compact

6. Infuse epoxy into the W/fiber matrix using vacuum to insure uniformity

135
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Electromagnetic Calorimeter Detector Design

Figure 5.4: Left: EMCal sector showing installation on the Inner HCal. Right: Mechanical
detail of an EMCal sector

stage of the project provides sufficient flexibility and possible options for the future.

The SPACAL blocks that were developed at UCLA are 2-tower blocks that are tapered in
one dimension (1D projective), as shown in the Figure 5.6. The procedure used at UCLA
to construct these blocks consists of the following steps:

1. Place 5 mesh screens together to form a flat stack

2. Drop fiber segments halfway through the screens to form a fiber/screen assembly

3. Separate the screens

4. Place the assembly into a mold, incrementally tilting the screens to produce the taper
in one direction

5. Pour W powder into the mold and vibrate to compact

6. Infuse epoxy into the W/fiber matrix using vacuum to insure uniformity
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EMCal scope
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sector
η=0

η=1

• 4 SiPM/tower: ~100k SiPM 
• 3 rounds of prototyping 
• module production, QA, and assembly 

• 384 towers/sector 
• 64 sectors in full detector 
• 4 SiPM/tower 
• calibration and integration into sPHENIX

EMCal by the numbers

- 32 x 2 = 64 sectors 
- Each sector has 8 x 48 individual towers  
- 24,576 total towers 
- If manufactured in 2x2 blocks, that would be 6,144 blocks –

in 24 unique shapes, 256 units of each shape
- 750   13.5 cm fiber canes per tower = 2,500 km of fiber
- ~ 820 g tungsten powder per tower or ~20,150 kg total 
- 24,576 light guides
- 4  passively summed sipms per tower x 24,576 towers 

= 98,304 sipms

S. STOLL, MODULE PRODUCTION, EMCAL REVIEW, 8/20/15

Sipms and lightguide

1 sector

1 block of 4 towers

Readout on 
Inside diameter

3
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design drivers—EMCal
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• segmentation and energy resolution 
• reconstruction of 5 GeV electrons in central HI 

environment 
• <15%/√E → EMCal will not limit electron 

resolution 
• 2D projectivity 

• driven by electron ID requirements in central HI 
environment for Υ reconstruction 

• with only 1D projectivity electron-hadron 
separation degrades with increasing |η| 

• reduce statistics of already statistics limited 
measurement 

• ongoing work to increase sophistication of 
simulations in Geant 4 (see J. Huang's talk)

EMCal energy:  
central HIJING event

Electromagnetic Calorimeter Alternative Technologies

Figure 5.24: Linearity for single photon clusters as reconstructed with the full sPHENIX
detector simulation and analysis chain. The linearity is calibrated for each pseudorapidity
region to 1 at the low energy end, while the non-linearity towards the high energy end is
quantified via a quadratic fit.
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Figure 5.25: a) Energy per tower (⇠ 1R2
M) for central Au+Au HIJING events, b) Mean energy

for a 3 ⇥ 3 EMCal tower-cluster. The 2-D projective SPACAL configuration is shown here.
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Alternative Technologies Electromagnetic Calorimeter

Figure 5.26: Pion rejection vs. electron identification efficiency for a single particle simulation
for the 2-D projective SPACAL, which represents the performance for p+p and EIC collisions.

Figure 5.27: The pion rejection vs electron identification efficiency for the 2-D projective (left)
and 1D-projective (right) SPACAL in central Au+Au collisions (0-10% central).

156

Geant4 Simulations
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design drivers—electronics
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• as common as possible for EMCal and HCal 
• same sensors for both systems 
• large gain 
• work in magnetic field 
• compact 

• SiPMs 
• LED monitoring/calibration system 
• provide L1 trigger information from EMCal & HCal 
• utilize existing PHENIX DAQ, event rate ~15kHz 

• digitizer design based on those already used in 
PHENIX
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calorimeter electronics overview
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schedule drivers
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• R&D on 2D projective design 
• 1D projective modules (2x1 towers) have been 

successfully produced at UCLA, Tungsten Heavy 
Powder (industry), Illinois and BNL 

• production process well under control 
• 2D projective production process being 

developed 
• 2D projective blocks (1x1 tower) have been 

produced at BNL and Illinois 
• goal: 2D projective modules for v2 prototype 

(10/16)  with a production process that will 
scale to full detector 

• want to make blocks bigger than 1x1 tower
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cost/schedule drivers
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• assembly/testing of sectors 
• large number of towers/SiPMs 
• current schedule based on university based module 

production assembly and testing 
• pursuing alternate industry based module production 

(THP), university based assembly and testing 
• understand feasibility of both module production options 

• unclear how industry module production affects cost—
this will be more clear after prototyping process
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EMCal schedule summary
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v1 prototype ongoing-Apr '16

v2 prototype Mar '16- May '17

preproduction 
prototypeprototype May '17 - Jun '18

design Apr '16 - Oct '17

module production Jun '18 - Sep '20

supermodule assembly Jun '18 - Sep '20

ready for detector installation Sep '20
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organization: EMCal & electronics
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L2 
C. Woody

Prototyping 
S. Stoll/O.Tsai

Production 
A. Sickles

Design 
C. Cullen

L2 
E. Mannel

Optical Sensor 
S. Stoll

Digitizer 
CY Chi

On Det. 
Electronics 
S. Boose

EMCal Calorimeter Electronics
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budget and labor profiles
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technical/project status
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• 1D projective modules (2x1 towers) have been 
successfully produced at UCLA, Tungsten Heavy 
Powder (industry), Illinois and BNL 

• density: ~10g/cm3 
• v1 prototyping: 

• produced both at Illinois & THP 
• to be assembled, tested at BNL 

• v2 prototyping: 
• ongoing work to develop 2D projective production
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technical/project status
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• sector structure designed 
• issues of cabling, cooling and electronics in 

empty space to be done 
• structural analysis to be done

Electromagnetic Calorimeter Detector Design

Figure 5.4: Left: EMCal sector showing installation on the Inner HCal. Right: Mechanical
detail of an EMCal sector

stage of the project provides sufficient flexibility and possible options for the future.

The SPACAL blocks that were developed at UCLA are 2-tower blocks that are tapered in
one dimension (1D projective), as shown in the Figure 5.6. The procedure used at UCLA
to construct these blocks consists of the following steps:

1. Place 5 mesh screens together to form a flat stack

2. Drop fiber segments halfway through the screens to form a fiber/screen assembly

3. Separate the screens

4. Place the assembly into a mold, incrementally tilting the screens to produce the taper
in one direction

5. Pour W powder into the mold and vibrate to compact

6. Infuse epoxy into the W/fiber matrix using vacuum to insure uniformity
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Calorimeter Electronics Readout Electronics

Figure 7.11: Radiation damage in Hamamatsu MPPCs exposed at BNL in the STAR FPS
during Run 15. MIP peak measured at different times over the course of the run. Despite the
significant increase in leakage current, only a small change is seen in the MIP peak amplitude.
Vbias across the sipms was kept constant.

the detector. The front end electronics are functionally the same for the EMCal, Inner HCal
and Outer Hcal, although they will be packaged differently to account for differences
in the mechanical design of the detectors. The same digitizer systems are used for both
detectors.

A block diagram of the readout electronics for a half sector of the HCal is shown in
Figure 7.12. Each of the five tiles that form an HCal tower has a single SiPM mounted
on the edge of the tile where the wavelength shifting fiber comes out. The 5 SiPMs for
a single tower are connected to an HCal Preamp Board with a shielded cable where the
signals are passively summed, shaped and driven to Digitizer Boards that are located in
racks near the detector. Mounted on the end of an HCal half sector is an HCal Interface
Board which distributes the SiPM bias voltage and low voltage for the preamps for the 24
towers in an HCal half sector, along with current drivers for the LED calibration system
and ADCs for monitoring the SiPM temperature, bias currents and voltages. The Interface
Boards are connected to a Controller Board via a bi-directional serial link in a nearby crate.
The Controller Board transmits to the Interface Board the parameters for the temperature
compensation and gain control, LED enables and pulse trigger, and reads back monitoring
information from the Interface Board. Each Controller Board is capable of controlling 8
Interface Boards. A Crate Controller communicates with the Controller Boards through
parallel bus on the crate back plans. Communications with the slow control system is
Ethernet based.

A half sector of the EMCal consists of 384 towers in a 8 ⇥ 48 (f ⇥ z) configuration. To match
the mechanical layout of the EMCal towers, the EMCal analog channels are arranged in
a 8 ⇥ 2 array on a Preamp Board matching the EMCal tower geometry. The SiPMs are

205

technical status—SiPMs
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• SiPMs subject to damage from MeV 
neutrons 

• neutron fluence ~2x1010n/cm2/run 
year 

• cooling to 20C reduces radiation 
damage effects 

• measurements at STAR show 
increased leakage current but stable 
MIP peak 

• expect leakage current in 3 yrs of 
sPHENIX will not significantly impact 
signals of interest; SiPMs best 
solution for sPHENIX

Calorimeter Electronics Optical Sensors

Figure 7.7: Sipms in the PHENIX IR during Run 15 p-p running. The devices – Hamamatsu
S12572-025P, -015P, and -010P all showed a steady increase in leakage current with cumulative
neutron fluence during Run 15.

anticipate over their sPHENIX lifetime at RHIC. These results are shown in Figure 7.9. In
the second test, Hamamatsu SiPMs were irradiated at the Los Alamos LANSCE facility
to the approximate fluences expected over the expected lifetime in sPHENIX (about
7 ⇥ 1010 n/cm2). The leakage current verses Vbias curves for the devices before and after
irradiation are shown in Figure 7.10. The S12572-015P shows an increase from 50nA to

201
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issues & concerns
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• 1D vs 2D modules 
• need to develop 2D production process to mass produce 

modules 
• v2 prototype targeted to answer this question 

• work underway at BNL, Illinois 
• where are the modules to be produced? 

• industry or university 
• both options being pursued, cost/schedule of industry 

solution not known yet 
• v1 prototype: constructed partially at both Illinois and THP 

• SiPMs are a good sensor choice for these calorimeters 
• development of monitoring/calibration scheme


